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(57) ABSTRACT

A semiconductor light-emitting device includes: a support; a
semiconductor light-emitting element bonded to the support
and comprising a first electrode, a second electrode, and a
semiconductor layer including at least an active layer, at least
one of the first and second electrodes overlying the semicon-
ductor layer; and a wiring metal formed to extend from above
a portion of an upper surface of the support not underlying the
semiconductor light-emitting element to one said electrode
overlying the semiconductor layer. The electrode 1s fed with
power through the wiring metal.

22 Claims, 13 Drawing Sheets
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SEMICONDUCTOR LIGHT-EMITTING
DEVICE, LIGHTING MODULE AND
LIGHTING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority under 35 USC 119
(a) to Japanese Patent Application No. 2004-328182 filed on
Nov. 11, 2004, the entire contents of which are hereby incor-
porated by reference.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a semiconductor light-
emitting device having a light-emitting diode or the like, and
particularly to a semiconductor light-emitting device used for
lighting modules or lighting apparatuses, and a method for
fabricating the same.

(b) Description of Related Art

Recently, as the luminance of a white light-emitting diode
(heremaftter referred to as “LED”) increases, the application
of LEDs 1s greatly expanded from for indication to for 1llu-
mination.

In general, the white LED has a structure 1n which a semi-
conductor light-emitting element for emitting blue or ultra-
violet light 1n combined with a phosphor that 1s excited by the
blue or ultraviolet light emitted from the semiconductor light-
emitting element. The semiconductor light-emitting element
includes a semiconductor layer comprising a p-type electrode
and an n-type electrode, and the semiconductor layer has a pn
junction structure formed by depositing a galllum nitride
compound semiconductor layer on a sapphire substrate.

However, since the sapphire substrate has a electrical insu-
lating property, there 1s aneed to form an n-type electrode and
a p-type electrode on a surface of the gallium nitride com-
pound semiconductor layer that 1s opposite to the surface on
which the sapphire substrate 1s formed. In semiconductor
light-emitting devices employing such semiconductor light-
emitting element, the following feeding method 1s generally
used.

In a semiconductor light-emitting device using a first feed-
ing method, a heat sink 1s bonded via Ag paste or the like to the
surface of the sapphire substrate that 1s opposite to the surface
on which the gallium nitride compound semiconductor layer
1s formed. The n-type and p-type electrodes, which are
tormed on the upper surface of the gallium nitride compound
semiconductor layer of the semiconductor light-emitting ele-
ment, are electrically connected to a feeding unit through a
bonding wire. Therefore, 1n the semiconductor light-emitting,
device using the first feeding method, the n-type and p-type
clectrodes are fed through the bonding wire.

In a semiconductor light-emitting device using a second
teeding method, a p-type electrode and an n-type electrode
are formed at the upper level of the gallium nitride compound
semiconductor layer deposited on the sapphire substrate.
Moreover, patterned electrodes are formed on a heat sink and
the patterned electrodes are tlip-chip mounted using Au
bumps through which the patterned electrodes are electrically
connected to the p-type and n-type electrodes. Therelfore, 1n
the semiconductor light-emitting device using the second
teeding method, the n-type and p-type electrodes are fed
through the patterned electrodes formed on the heat sink.

The semiconductor light-emitting device using the first
feeding method has the sapphire substrate interposed
between the semiconductor light-emitting element and the
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heat sink. The sapphire substrate has large thermal resistance
and thus poor heat dispersion. Therefore, the semiconductor
light-emitting device using the first feeding method cannot
achieve sullicient heat dispersion. As a result, when the semi-
conductor light-emitting device 1s applied to 1llumination or
the like that requires a large mount of power, problems such as
thermal saturation of light output and decrease of reliability
of light output arise.

In addition, 1n the semiconductor light-emitting device
using the second feeding method, only Au bumps serve as
paths for heat dispersion and, therefore, suilicient heat dis-
persion cannot be achieved. As a result, also when the semi-
conductor light-emitting device 1s applied to 1llumination or
the like that requires a large amount of power, problems such
as thermal saturation of light output and decrease of reliabil-
ity of light output arise.

To solve the problems, the following semiconductor light-
emitting device has been proposed (see, €.g., D. Morita et al.,
“High Output Power 365 nm Ultraviolet Light Emitting
Diode of GaN-Free Structure,” Jpn. J. Appl. Phys. Vol. 41
(2002), pp. L1434-1.1436).

FIG. 15 shows a cross sectional view of a known semicon-
ductor light-emitting device.

As shown 1n FIG. 15, a p-side ohmic electrode 802, a pn
junction structure 803, and an n-side ochmic electrode 804 are
formed on a support 800, which 1s a heat sink and 1s made of
CuW, with a fusion material 801 nterposed between the
support 800 and the p-side ohmic electrode 802. The pn
junction structure 803 1s a semiconductor layer which 1s
formed by sequentially depositing a p-type gallium nitride
compound semiconductor layer, an active layer, and an n-type
gallium nitride compound semiconductor layer.

In this manner, over the support 800, a semiconductor
light-emitting element 1s formed which includes the semicon-
ductor layer (pn junction structure 803), the p-side ohmic
clectrode 802 underlying the semiconductor layer, and the
n-side ohmic electrode 804 overlying the semiconductor
layer.

On the n-side ohmic electrode 804, an Au plating layer 805
1s formed which 1s electrically connected to a power supply
pole 807 through an Au wire 806.

Now, how to complete the pn junction structure 803 will be
described 1n detail.

First, a pn junction structure 803 on which a semiconductor
layer 1s epitaxially grown 1s formed on a sapphire substrate
(not shown). Then, the pn junction structure 803 formed on
the sapphire substrate 1s peeled ofl therefrom using a laser
lift-oil technique, and the pn junction structure 803 1s bonded
via a fusion material 801 on a support 800. In this manner, the
pn junction structure 803 formed on the sapphire substrate 1s
peeled off therefrom by laser lift-off technique and then
bonded on the support 800.

The conventional semiconductor light-emitting device
allows the semiconductor light-emitting element to emait light
by feeding a current to the power supply pole 807 and the
conductive support 800 from outside.

In the conventional semiconductor light-emitting device,
the semiconductor light-emitting element 1s formed via the
fusion material 801 on the support 800 which 1s a heat sink,
not on the sapphire substrate.

With this structure, the entire principal surface of the semi-
conductor light-emitting element 1s bonded via the fusion
material 801 to the support 800 to achieve good heat disper-
s1on 1n the semiconductor light-emitting device.

Moreover, 1n the conventional semiconductor light-emit-
ting device, the semiconductor light-emitting element includ-
ing the semiconductor layer (pn junction structure 803), the
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p-side ohmic electrode 802 underlying the semiconductor
layer and the n-side ohmic electrode 804 overlying the semi-

conductor layer 1s formed over the support 800.

With this structure, the conventional semiconductor light-
emitting device can reduce series resistance as compared with
a semiconductor light-emitting device using a semiconductor
light-emitting element which includes a semiconductor layer
(pn junction structure) and p-side and n-side ochmic electrodes
on the semiconductor layer. As a result, the conventional
semiconductor light-emitting device can suppress heat gen-
cration therein.

However, the results of the inventors’ experiments on the
conventional semiconductor light-emitting device using laser
lift-oft technique have shown the following problems.

The pn junction structure 803 peeled off from the sapphire
substrate (not shown) by laser lift-off techmique 1s as
extremely thin as several um to over 10 um. Therefore, during
wire bonding, the semiconductor light-emitting element 1s
deformed by application of ultrasound or local application of
pressure from the tip part of a collet for wire bonding, and
thereby causes cracking or chipping. As a result, there found
a problem of significantly reducing yield of the semiconduc-
tor light-emitting device.

Moreover, the semiconductor light-emitting element 1s
formed over the support 800 made of a material having a
hardness lower than that of sapphire, S1C or the like. There-
fore, during the wire bonding, the support 800 1s easily
deformed by loads placed through the application of ultra-
sound or local application of pressure from the tip part of the
collet for wire bonding to the semiconductor light-emitting
clement, and thereby causes a deformation of the semicon-
ductor light emitting element. As a result, there found a prob-
lem of generating cracking or chipping 1n the semiconductor
light-emitting element.

Furthermore, 1n the case of a conventional semiconductor
light-emitting device 1n which a plurality of semiconductor
light-emitting elements are arranged 1n an array, power 1s
supplied to each of the semiconductor light-emitting ele-
ments through bonding wires. Therefore, there found a prob-
lem that the larger the number of semiconductor light-emat-
ting elements arranged 1n an array 1s, the significantly lower
the yield of semiconductor light-emitting devices 1s.

Furthermore, the above conventional semiconductor light-
emitting device requires a pad electrode on a light extraction
surface of each of the semiconductor light-emitting elements.
Theretore, the larger the number of the semiconductor light-
emitting elements arranged 1n an array 1s, the significantly
smaller the area of effective light extraction surface becomes.
As a result, there found a problem that sufficient light emuis-
s10n elfficiency cannot be obtained.

SUMMARY OF THE INVENTION

In consideration of the aforementioned problems, an object
of the present mvention 1s to provide, for a semiconductor
light-emitting device having a semiconductor light-emitting
clement, a semiconductor light-emitting device which
achieves increase 1n vield and has excellent light emission
eificiency and a method for manufacturing the same, and a
lighting module and a lighting apparatus which use the semi-
conductor light-emitting device.

To solve the problems, the feature of a semiconductor
light-emitting device according to the first aspect of the
present invention resides 1n including: a support; a semicon-
ductor light-emitting element bonded to the support via a
fusion material and comprising a first electrode and a second
clectrode, and a semiconductor layer having at least an active
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layer, at least one of the first and second electrodes overlying
the semiconductor layer; and a wiring metal formed to extend
from above a portion of the upper surface of the support not
underlying the semiconductor light-emitting element to one
said electrode overlying the semiconductor layer, wherein
said one electrode 1s fed with power through the wiring metal.

In the semiconductor light-emitting device according to
the first aspect of the present invention, the semiconductor
light-emitting element 1s fed with power through the wiring
metal, not a bonding wire. With this structure, the semicon-
ductor light-emitting device can be fabricated without apply-
ing a pressure to the semiconductor light-emitting element.
This makes 1t possible to prevent the fusion material, which 1s
interposed between the support and the semiconductor light-
emitting element, from being deformed to cause cracking or
chipping in the semiconductor light-emitting element by giv-
ing pressure to the semiconductor light-emitting element dur-
ing manufacturing. As a result, the yield of semiconductor
light-emitting devices can be enhanced.

Moreover, 1n the semiconductor light-emitting device of
the present mnvention, there 1s no need to form a pad electrode
on a light extraction surface of the semiconductor light-emat-
ting element. This increases the area of the effective light
extraction surface of the semiconductor light-emitting ele-
ment, thereby enhancing the light emission efficiency.

The feature of a semiconductor light-emitting device
according to a second aspect of the present invention resides
in including: a support made of a material having a low
hardness; a semiconductor light-emitting element bonded to
the support and comprising a first electrode, a second elec-
trode, and a semiconductor layer having at least an active
layer, at least one of the first and second electrodes overlying
the semiconductor layer; and a wiring metal formed to extend
from above a portion of the upper surface of the support not
underlying the semiconductor light-emitting element to one
said electrode overlying the semiconductor layer, wherein
said one electrode 1s fed with power through the wiring metal.

In the semiconductor light-emitting device according to
the second aspect of the present invention, the semiconductor
light-emitting element 1s fed with power through the wiring
metal, not a bonding wire. With this structure, the semicon-
ductor light-emitting device can be fabricated without apply-
ing pressure to the semiconductor light-emitting element.
Theretfore, even when the support 1s made of a material hav-
ing a hardness lower than sapphire, Si1C or the like, it 1s
possible to prevent the support made of the maternial having a
low hardness being deformed to cause cracking or chipping 1n
the semiconductor light-emitting element by giving pressure
to the semiconductor light-emitting element 1n the manufac-

ture. As a result, the yield of semiconductor light-emitting
devices can be enhanced.

Moreover, 1n the semiconductor light-emitting device of
the present invention, there 1s no need to form a pad electrode
on a light extraction surface of the semiconductor light-emiat-
ting element. This increases the area of the effective light
extraction surface of the semiconductor light-emitting ele-
ment, thereby enhancing the light emission efficiency.

The feature of a semiconductor light-emitting device
according to a third aspect of the present invention resides 1n
including: a support; a semiconductor light-emitting element
bonded to the support and comprising a semiconductor layer
including at least an active layer, a first electrode on the lower
surface of the semiconductor light-emitting element, and a
second electrode on the upper surface thereof; and a wiring
metal formed to extend from above a portion of the upper
surface of the support not underlying the semiconductor
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light-emitting element to the second electrode, wherein the
second electrode 1s fed with power through the wiring metal.

In the semiconductor light-emitting device according to
the third aspect of the present invention, the semiconductor
light-emitting element 1s fed with power through the wiring
metal, not a bonding wire. With this structure, the semicon-
ductor light-emitting device can be fabricated without apply-
ing pressure to the semiconductor light-emitting element.
This makes 1t possible to prevent the electrode formed on the
lower surface of the semiconductor layer from being
deformed to cause cracking or chipping in the semiconductor
light-emitting element by giving pressure to the semiconduc-
tor light-emitting element 1n the manufacture. As a result, the
yield of semiconductor light-emitting devices can be
enhanced.

Moreover, 1n the semiconductor light-emitting device of
the present invention, there 1s no need to form a pad electrode
on a light extraction surface of the semiconductor light-emat-
ting element. This increases the area of the eflective light
extraction surface of the semiconductor light-emitting ele-
ment, thereby enhancing the light emission efficiency.

In the semiconductor light-emitting device according to
the first, second or third aspect of the present invention, the
semiconductor layer preferably has a thickness of 30 um or
less.

In the conventional semiconductor light-emitting device,
when the semiconductor layer has a thickness of 30 um or
less, a significant decrease of yield of semiconductor light-
emitting devices 1s observed. On the other hand, 1n the semi-
conductor light-emitting device according to the first, second
or third aspect of the present invention, even when the semi-
conductor layer has a thickness of 30 um or less, the yield of
semiconductor light-emitting devices does not decrease, and
thus the yield of semiconductor light-emitting devices can be
enhanced.

In the semiconductor light-emitting device according to
the first, second or third aspect of the present invention, an
insulating film 1s preferably formed between the wiring metal
and the semiconductor light-emitting element.

This makes 1t possible to surely prevent current from leak-
ing through a portion of the wiring metal formed on one side
of the semiconductor light-emitting element. Therefore, cur-
rent leakage can be reduced and thus the yield of semicon-
ductor light-emitting devices can be further enhanced.

In the semiconductor light-emitting device according to
the first, second or third aspect of the present invention, the
insulating film preferably has a thickness of 100 nm or more.

With this structure, even when a pin hole 1s formed 1n the
insulating film, current leakage through the pin hole can be
prevented. In particular, 1n the case of the semiconductor
light-emitting element including a semiconductor layer, a
first electrode on the lower surface of the semiconductor
clement, and a second electrode on the upper surface thereot,
it can be prevented that a short circuit 1s generated between
the first and second electrodes to cause current leakage.
Therefore, current leakage can be reduced and thus the yield
of semiconductor light-emitting devices can be further
enhanced.

In the semiconductor light-emitting device according to
the first, second or third aspect of the present invention, the
insulating film 1s preferably a film made of any one material
selected from the group consisting of S10,, SiN, TiO.,,
Nd,O., Ta,O; and ZrO, or a multilayer film made of a plu-
rality of matenals selected from the group.

In the semiconductor light-emitting device according to
the first aspect of the present invention, the fusion material 1s
preferably made of PbSn, AuSn, AgSn, or InSn.
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In the semiconductor light-emitting device according to
the first, second or third aspect of the present invention, the

support 1s preferably made of Cu, Al, Au, CuW, S1C, S1, BN,
AIN, or GaN.

With this structure, the semiconductor light-emitting ele-
ment can be formed on the support which functions as a heat
sink. Therefore, a semiconductor light-emitting device hav-
ing excellent heat dispersion property can be provided and
thus the semiconductor light-emitting device can operate
with high power.

In the semiconductor light-emitting device according to
the first, second or third aspect of the present invention, the
angle between the portion of the upper surface of the support
not underlying the semiconductor light-emitting element and
the adjacent side surface of the semiconductor light-emitting
clement 1s preferably more than 90 degrees and less than 180
degrees.

With this structure, since the side surface of the semicon-
ductor light-emitting element 1s tapered, the wiring metal can
have excellent step coverage. Therefore, a portion of the
wiring metal formed on the side surface of the semiconductor
light-emitting element can be surely prevented from break-
ing. As a result, the yield of semiconductor light-emitting
devices can be further enhanced.

In the semiconductor light-emitting device according to
the first, second or third aspect of the present invention, the
semiconductor layer preferably includes an n-type gallium
nitride compound semiconductor layer in the upper side
thereof and a p-type gallium mitride compound semiconduc-
tor layer 1n the lower side thereof.

With this structure, because of the n-type galllum nitride
compound semiconductor layer having a smaller resistivity
than the p-type gallium nitride compound semiconductor
layer, current injected into the n-type galllum nitride com-
pound semiconductor layer through the electrode 1s easily
diffused into the semiconductor layer, as compared with the
p-type gallium nitride compound semiconductor layer.

Thus, the electrode formed on the upper surface of the
semiconductor layer can be downsized and the ratio of the
area ol the electrode to the upper surface of the semiconductor
layer can be also reduced. As aresult, the area of the effective
light extraction surface of the semiconductor light-emitting
clement can be increased, which further enhances the light
emission efficiency in the semiconductor light-emitting
device.

In particular, 1n the semiconductor light-emitting element
including the semiconductor layer, the first electrode on the
lower surface of the semiconductor layer and the second
clectrode on the upper surface thereol, the electrode formed
on the lower surface of the semiconductor layer 1s formed not
as a partial electrode but as a tull-scale electrode. Therelore,
current can be 1njected uniformly into the p-type gallium
nitride compound semiconductor layer and thus nonuniform
light emission can be prevented. This not only increases the
light emission etficiency but provides a semiconductor light-
emitting device exhibiting uniform and good light emission.

In the semiconductor light-emitting device according to
the first, second or third aspect of the present invention, one of
the first and second electrodes formed on the upper surface of
the semiconductor layer 1s preferably provided on the upper
surface of the semiconductor layer at or near the center
thereof.

With this structure, the density of current flowing from said
one electrode to the semiconductor layer including at least the
active layer becomes uniform in the surface of the active
layer. As a result, light emission efficiency can be further
enhanced 1n the semiconductor light-emitting device.
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In the semiconductor light-emitting device according to
the first, second or third aspect of the present mnvention, a resin
material containing a phosphor excited by light emitted from
the semiconductor light-emitting element 1s preferably
formed on the surface of the semiconductor light-emitting 5
clement.

By mixing a color of light emitted from the semiconductor
light-emitting element and a color of light emitted from the
phosphor excited by the light emitted from the semiconductor
light-emitting element, the semiconductor light-emitting 10
device having white light emission can be achieved.

The feature of a semiconductor light-emitting device
according to a fourth aspect of the present invention resides 1n
including: a support; a plurality of semiconductor light-emiat-
ting elements each of which 1s bonded to the support via a 15
fusion material and comprises a first electrode and a second
clectrode, and a semiconductor layer including at least an
active layer, at least one of the first and second electrodes
overlying the semiconductor layer; and a plurality of wiring
metals formed to extend, for each of the plurality of semicon- 20
ductor light-emitting elements, from above a portion of the
upper surface of the support not underlying semiconductor
light-emitting element to one said electrode overlying the
semiconductor layer, wherein said one electrode 1s fed with
power through the wiring metal. 25

In the semiconductor light-emitting device according to
the fourth aspect of the present invention, each of the semi-
conductor light-emitting elements 1s fed with power through
the common wiring metal, not a bonding wire. This makes 1t
possible to prevent the fusion material, which 1s interposed 30
between the support and the semiconductor light-emitting
clement, from being deformed to cause cracking or chipping
in the semiconductor light-emitting elements by giving pres-
sure to the semiconductor light-emitting elements during
manufacturing. As a result, regardless of the number of semi- 35
conductor light-emitting elements arranged 1n an array, the
yield of semiconductor light-emitting devices can be
enhanced.

Moreover, since each of the semiconductor light-emitting
clements 1s fed with power through the common wiring 40
metal, there 1s no need to bond the wire to each of the semi-
conductor light-emitting elements. As a result, regardless of
the number of semiconductor light-emitting elements
arranged 1n an array, the yield of semiconductor light-emiat-
ting devices can be enhanced and the manufacturing cost can 45
be reduced.

Moreover, there 1s no need to form a pad electrode on the
surface of each semiconductor light-emitting element. This
increases the area of the effective light extraction surface of
the semiconductor light-emitting element, thereby enhancing 50
the light emission efficiency.

Furthermore, the arrangement of the plurality of semicon-
ductor light-emitting elements 1n an array increases, the ratio
of the area of the side surfaces of all the semiconductor
light-emitting elements to the light extraction surfaces of all 55
the semiconductor light-emitting elements. As a result, light
emission elliciency can be further enhanced.

The feature of a semiconductor light-emitting device
according to a fifth aspect of the present invention resides 1n
including: a support made of a material having a low hard- 60
ness; a plurality of semiconductor light-emitting elements
cach of which 1s bonded to the support, comprises a {first
clectrode, a second electrode, and a semiconductor layer
including at least an active layer, at least one of the first and
second electrodes overlying the semiconductor layer; and a 65
plurality of wiring metals formed to extend, for each of the
plurality of semiconductor light-emitting elements, from

8

above a portion of the upper surface of the support not under-
lying semiconductor light-emitting element to one said elec-
trode overlying the semiconductor layer, wherein said one
clectrode 1s fed with power through the wiring metal.

In the semiconductor light-emitting device according to
the fifth aspect of the present invention, each of the semicon-
ductor light-emitting elements 1s fed with power through the
common wiring metal, not a bonding wire. With this struc-
ture, even when the support 1s made of a material having a
hardness lower than sapphire, S1C or the like, it 1s possible to
prevent the support made of a material having a low hardness
from being deformed to cause cracking or chipping in the
semiconductor light-emitting elements by giving pressure to
the semiconductor light-emitting elements during manufac-
turing. As a result, regardless of the number of semiconductor
light-emitting elements arranged in an array, the yield of
semiconductor light-emitting devices can be enhanced.

Moreover, since each of the semiconductor light-emitting,
clements 1s fed with power through the common wiring
metal, there 1s no need to bond the wire to each of the semi-
conductor light-emitting elements. As a result, regardless of
the number of semiconductor light-emitting elements
arranged 1n an array, the yield of semiconductor light-emat-

ting devices can be enhanced and the manufacturing cost can
be reduced.

Moreover, there 1s no need to form a pad electrode on the
surface of each semiconductor light-emitting element. This
increases the area of the effective light extraction surface of
the semiconductor light-emitting element, thereby enhancing
the light emission efficiency.

Furthermore, the arrangement of the plurality of semicon-
ductor light-emitting elements 1n an array increases the ratio
of the area of the side surfaces of all the semiconductor
light-emitting elements to the light extraction surfaces of all
the semiconductor light-emitting elements. As a result light
emission eificiency can be further enhanced.

The feature of a semiconductor light-emitting device
according to a sixth aspect of the present invention resides 1n
including: a support; a plurality of semiconductor light-emiat-
ting elements each of which 1s bonded to the support and
comprises a semiconductor layer including at least an active
layer, a first electrode on the lower surface of the semicon-
ductor light-emitting device and a second electrode on the
upper surface thereof; and a plurality of wiring metals formed
to extend, for each of the plurality of semiconductor light-
emitting elements, from above a portion of the upper surface
of the support not underlying semiconductor light-emitting
element to the second electrode, wherein the second electrode
1s Ted with power through the wiring metal.

In the semiconductor light-emitting device according to
the sixth aspect of the present invention, each of the semicon-
ductor light-emitting elements 1s fed with power through the
common wiring metal, not a bonding wire. This makes 1t
possible to prevent the electrode formed on the lower surtace
of the semiconductor layer from being deformed to cause
cracking or chipping 1n the semiconductor light-emitting ele-
ment by giving pressure to the semiconductor light-emitting
clement during wire bonding. As a result, regardless of the
number of semiconductor light-emitting elements arranged in
an array, the yield of semiconductor light-emitting devices
can be enhanced.

Moreover, since each of the semiconductor light-emitting,
clements 1s fed with power through the common wiring
metal, there 1s no need to bond the wire to each of the semi-
conductor light-emitting elements. As a result, regardless of
the number of semiconductor light-emitting elements
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arranged 1n an array, the yield of semiconductor light-emiat-
ting devices can be enhanced and the manufacturing cost can
be reduced.

Moreover, there 1s no need to form a pad electrode on the
surface of each semiconductor light-emitting element. This
increases the area of the effective light extraction surface of
the semiconductor light-emitting element, thereby further
enhancing the light emission efficiency.

Furthermore, the arrangement of the plurality of semicon-
ductor light-emitting elements 1n an array increases the ratio
of the area of the side surfaces of all the semiconductor
light-emitting elements to the light extraction surfaces of all
the semiconductor light-emitting elements. As a result light
emission elfliciency can be further enhanced.

The feature of a lighting module according to an aspect of

the present invention resides 1n including the semiconductor
light-emitting device of the present invention.
In the lighting module according to the aspect of the
present mvention, each of the semiconductor light-emitting,
clements constituting part of the lighting module 1s fed with
power through the common wiring metal, not a bonding wire.
This makes 1t possible to prevent cracking or chipping from
occurring in the semiconductor light-emitting element by
gving pressure to the semiconductor light-emitting element
during wire bonding. As a result, the yield of semiconductor
light-emitting devices constituting part of the lighting module
can be enhanced and the lighting module can be fabricated
with a high yield.

In particular, when the semiconductor light-emitting ele-
ments constituting part of the lighting module are bonded to
the support which is the heat sink, this not only increases the
yield but provides a semiconductor light-emitting device hav-
ing excellent heat dispersion property. Since the lighting
module having excellent heat dispersion can be provided, the
lighting module can operate with high power.

The feature of a lighting apparatus according to an aspect
ol the present invention resides 1n including the lighting mod-
ule of the present invention.

In the lighting apparatus according to the aspect of the
present invention, each of the semiconductor light-emitting,
clements constituting part of the lighting apparatus 1s fed with
power through the common wiring metal, not a bonding wire.
This makes it possible to prevent cracking or chipping from
occurring 1n the semiconductor light-emitting element by
grving pressure to the semiconductor light-emitting element
during wire bonding. As a result, the yield of semiconductor
light-emitting devices constituting part of the lighting appa-
ratus can be enhanced and the lighting apparatus can be
fabricated with a high yield.

In particular, when the semiconductor light-emitting ele-
ments constituting part of the lighting apparatus are bonded to
the support which is the heat sink, this not only increases the
yield but provides a semiconductor light-emitting device hav-
ing excellent heat dispersion property. Since the lighting
apparatus having excellent heat dispersion can be provided,
the lighting apparatus can operate with high power.

The feature of a method for fabricating the semiconductor
light-emitting device according to the first aspect of the
present invention resides 1n comprising the steps of: forming,
on a substrate, a semiconductor layer including at least an
active layer; forming a first electrode on the semiconductor
layer; forming a support via a fusion material on a surface of
the first electrode opposite to a surface thereol on which the
semiconductor layer 1s formed; peeling oif the semiconductor
layer from the substrate aiter the step of forming the support;
forming a semiconductor light-emitting element with the
semiconductor layer; forming a second electrode on a surface
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of the semiconductor light-emitting element opposite to the
surface thereol on which the first electrode 1s formed; and
forming a wiring metal to extend to the second electrode from
above a portion of the surface of the support not underlying
the semiconductor light-emitting element, the surface of the
support being the surface on which the first electrode 1s
formed via the fusion material.

In the method for fabricating the semiconductor light-emit-
ting device according to the first aspect of the present inven-
tion, the semiconductor light-emitting element 1s fed with
power through the wiring metal, nota bonding wire. Thus, the
semiconductor light-emitting device can be fabricated with-
out applying pressure to the semiconductor light-emitting
clement. Therefore, 1t 1s possible to prevent the fusion mate-
rial, which 1s interposed between the support and the semi-
conductor light-emitting element, from being deformed to
cause cracking or chipping 1n the semiconductor light-emat-
ting element by giving pressure to the semiconductor light-
emitting element during manufacturing. As a result, the yield
of semiconductor light-emitting devices can be enhanced.

Moreover, 1n fabricating a semiconductor light-emitting,
device of the present invention, there 1s no need to form a pad
clectrode on a light extraction surface of the semiconductor
light-emitting element. This increases the area of the effective
light extraction surface of the semiconductor light-emitting
clement, thereby enhancing the light emission efficiency.

The feature of a method for fabricating the semiconductor
light-emitting device according to the second aspect of the
present invention resides 1n comprising the steps of: forming,
on a substrate, a semiconductor layer including at least an
active layer; forming a first electrode on the semiconductor
layer; forming a support, which 1s made of a material having
a low hardness, on a surface of the first electrode opposite to
the surface thereol on which the semiconductor layer 1s
formed; peeling off the semiconductor layer from the sub-
strate after the step of forming the support; forming a semi-
conductor light-emitting element with the semiconductor
layer; forming a second electrode on a surface of the semi-
conductor light-emitting element opposite to a surface
thereol on which the first electrode 1s formed; and forming a
wiring metal to extend to the second electrode from above a
portion of the surface of the support not underlying the semi-
conductor light-emitting element, the surface of the support
being the surface on which the first electrode 1s formed.

In the method for fabricating the semiconductor light-emit-
ting device according to the second aspect of the present
invention, the semiconductor light-emitting element 1s fed
with power through the wiring metal, not a bonding wire.
Thus, the semiconductor light-emitting device can be fabri-
cated without applying pressure to the semiconductor light-
emitting element. Therefore, even when the support 1s made
of a material having a hardness lower than sapphire, S1C or
the like, 1t 1s possible to prevent the support made of a material
having a low hardness from being deformed to cause cracking
or chipping in the semiconductor light-emitting element by
gving pressure to the semiconductor light-emitting element
during manufacturing. As a result, the yield of semiconductor
light-emitting devices can be enhanced.

Moreover, 1n fabricating a semiconductor light-emitting
device of the present invention, there 1s no need to form a pad
clectrode on a light extraction surface of the semiconductor
light-emitting element. This increases the area of the effective
light extraction surface of the semiconductor light-emitting
clement, thereby enhancing the light emission efficiency.

The feature of a method for fabricating the semiconductor
light-emitting device according to the third aspect of the
present invention resides 1 comprising the steps of: forming,
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on a substrate, a semiconductor layer including at least an
active layer; forming a first electrode on the semiconductor
layer; forming a support on a surface of the first, electrode
opposite to a surface thereof on which the semiconductor
layer 1s formed; peeling off the semiconductor layer from the
substrate aiter the step of forming the support; forming a
semiconductor light-emitting element with the semiconduc-
tor layer; forming a second electrode on a surface of the
semiconductor light-emitting element opposite to a surface
thereol on which the first electrode 1s formed; and forming a
wiring metal to extend to the second electrode from above a
portion of the surface of the support not underlying the semi-
conductor light-emitting element, the surface of the support
being the surface on which the first electrode 1s formed.

In the method for fabricating the semiconductor light-emit-
ting device according to the third aspect of the present inven-
tion, the semiconductor light-emitting element 1s fed with
power through the wiring metal, nota bonding wire. Thus, the
semiconductor light-emitting device can be fabricated with-
out applying pressure to the semiconductor light-emitting
clement. Therefore, it 1s possible to prevent the electrode
formed on the lower surface of the semiconductor layer from
being deformed to cause cracking or chipping 1n the semi-
conductor light-emitting element by giving pressure to the
semiconductor light-emitting element during manufacturing.
As aresult, the yield of semiconductor light-emitting devices
can be enhanced.

Moreover, 1in fabricating a semiconductor light-emitting
device of the present invention, there 1s no need to form a pad
clectrode on a light extraction surface of the semiconductor
light-emitting element. This increases the area of the effective
light extraction surface of the semiconductor light-emitting
clement, thereby enhancing the light emission efficiency.

The methods for fabricating the semiconductor light-emit-
ting device according to the first, second or third aspect of the
present invention preferably further include the step of form-
ing an nsulating film on a side surface of the semiconductor
light-emitting element after the step of forming the semicon-
ductor light-emitting element and before the step of forming
the second electrode, or after the step of forming the second
clectrode and before the step of forming the wiring metal.

This makes it possible to surely prevent current from leak-
ing through a portion of the wiring metal formed on one side
of the semiconductor light-emitting element. Therefore, cur-
rent leakage can be reduced and thus the yield of semicon-
ductor light-emitting devices can be further enhanced.

In the methods for fabricating the semiconductor light-
emitting device according to the first, second or third aspect of
the present invention, laser light having a wavelength no more
than that at the absorption edge of the semiconductor layer 1s
selected, and the semiconductor layer 1s preferably peeled off
from the substrate by 1rradiating a surface of the substrate
opposite to the surface thereof on which the semiconductor
layer 1s formed with the laser light.

Thus, the semiconductor layer can be irradiated with laser
light having a wavelength corresponding to the wavelength at
the absorption edge of the semiconductor layer. Therefore,
the semiconductor layer absorbs the energy of the laser light
to decompose, which allows the semiconductor layer to be
peeled off from the substrate.

In the methods for fabricating the semiconductor light-
emitting device according to the first, second or third aspect of
the present invention, the substrate 1s preferably a transparent
substrate.
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In the methods for fabricating the semiconductor light-
emitting device according to the first, second or third aspect of
the present invention, the transparent substrate 1s preferably
made of sapphire.

In the methods for fabricating the semiconductor light-
emitting device according to the first, second or third aspect of
the present invention, a contact layer forming the semicon-
ductor layer 1s preferably made of In, Al Ga, N (0=x=1,
O=y=1, 0=x+y=1).

In the methods for fabricating the semiconductor light-
emitting device according to the first, second or third aspect of
the present invention, the laser light 1s preferably laser light
emitted from any one of device selected from the group of
consisting of a YAG third harmonic laser, a KrF excimer laser,
and an ArF excimer laser.

As mentioned above, in the semiconductor light-emitting
device according to the present invention, the semiconductor
light-emitting element 1s fed with power through the wiring
metal, not a bonding wire. With this structure, the semicon-
ductor light-emitting device can be fabricated without apply-
ing pressure to the semiconductor light-emitting element.
This makes 1t possible to prevent cracking or chipping from
occurring 1n the semiconductor light-emitting element by
gving pressure to the semiconductor light-emitting element
during manufacturing. As a result, the yield of semiconductor
light-emitting devices can be enhanced.

In particular, 1n the case of the semiconductor light-emit-
ting device 1 which the plurality of semiconductor light-
emitting elements are arranged 1n an array, each of the semi-
conductor light-emitting elements 1s fed with power through

not the bonding wire but the common wiring metal. There-
fore, the yield of semiconductor light-emitting devices can be
further enhanced.

Moreover, since there 1s no need to form a pad electrode on
a light extraction surface of the semiconductor light-emitting
clement, the area of the effective light extraction surface of
the semiconductor light-emitting element can be increased
and, theretfore, the light emission efficiency can be enhanced.

- -

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are diagrams showing the structure of a
semiconductor light-emitting device according to a first
embodiment of the present invention;

FIG. 2 1s a cross sectional view showing details of a pn
junction structure constituting part of the semiconductor
light-emitting device according to the first embodiment of the
present invention;

FIG. 3 1s a diagram showing changes of yield of semicon-
ductor light-emitting devices with the thickness of the pn
junction structure;

FIGS. 4A through 4D are cross sectional views of essential
parts showing the first halt of the steps of fabricating the
semiconductor light-emitting device according to the first
embodiment of the present invention;

FIGS. 5A through 5E are cross sectional views of essential
parts showing the last half of the steps of fabricating the
semiconductor light-emitting device according to the first
embodiment of the present invention;

FIGS. 6 A and 6B are diagrams showing the structure of a
semiconductor light-emitting device according to a second
embodiment of the present invention;

FIGS. 7A through 7D are cross sectional views of essential
parts showing the first half of the steps of fabricating the
semiconductor light-emitting device according to the second
embodiment of the present invention;
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FIGS. 8A through 8E are cross sectional views of essential
parts showing the last half of the steps of fabricating the
semiconductor light-emitting device according to the second
embodiment of the present invention;

FIG. 9 1s a plan view showing the structure of a semicon-
ductor light-emitting device according to a third embodiment
of the present invention;

FIG. 10 1s a diagram showing a change of a light output of
the semiconductor light-emitting device with respect to a
driving current;

FIG. 11 1s a plan view showing the structure of a semicon-
ductor light-emitting device according to a fourth embodi-
ment of the present invention;

FI1G. 12 1s a cross sectional view showing the structure of a
semiconductor light-emitting device according to a fifth
embodiment of the present invention;

FIG. 13 1s a perspective view showing a lighting module
according to a sixth embodiment of the present invention;

FIG. 14 1s a cross sectional view showing the structure of a
lighting apparatus according to the sixth embodiment of the
present invention; and

FIG. 15 1s a cross sectional view of the structure of a
conventional semiconductor light-emitting device.

DETAILED DESCRIPTION OF THE INVENTION

Now, referring to the drawings, embodiments of the
present invention will be described.

First Embodiment

First, referring to FIGS. 1A and 1B, the structure of a
semiconductor light-emitting device according to a first
embodiment of the present invention will be described.

FIGS. 1A and 1B are diagrams showing the structure of the
semiconductor light-emitting device according to the first
embodiment of the present invention. Note that FIG. 1A 1s a
cross sectional view showing the structure of the semicon-
ductor light-emitting device according to the first embodi-
ment of the present invention, specifically, a cross sectional
view taken along line Ia-Ia of FIG. 1B and FIG. 1B 1s a plan
view showing the same.

As 1llustrated 1n FIG. 1A, a p-side ohmic electrode 102, a
pn junction structure 101, and an n-side ohmic electrode 106
are sequentially formed on a support 104 made of CuW with
a Tusion material 103 interposed between the support 104 and
the p-side ohmic electrode 102. The pn junction structure 101
has a thickness of 5 um and a 350 um square shape, and
comprises a semiconductor layer formed by sequentially
laminating a p-type gallium nitride compound semiconductor
layer, an active layer and an n-type galltum nitride compound
semiconductor layer. Thus, a semiconductor light-emitting
clement 1s formed which includes the semiconductor layer
(pn junction structure 101) and the adjoining p-side and
n-side ohmic electrodes 102 and 106.

A wiring metal 107 1s formed to extend from the upper
surface of the n-side ohmic electrode 106 on top of the pn
junction structure 101 to above a portion of the upper surface
of the support 104 not underlying the semiconductor light-
emitting element with an 1nsulating film 105 made of a S10,
f1lm 1nterposed therebetween. In this manner, the msulating
film 105 1s formed between the support 104 and the wiring
metal 107 and between the semiconductor light-emitting ele-
ment and the wiring metal 107. The wiring metal 107 1s a
metal film formed by sequentially depositing a 11 layer of 50
nm, a Pt layer of 100 nm, and an Au layer of 300 nm. The
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wiring metal 107 electrically connects between the n-side
ohmic electrode 106 and the below-mentioned Au plating
layer 108.

The Au plating layer 108 having a thickness of 30 um 1s
formed on a portion of the wiring metal 107 formed straight
above the upper surface of the support 104 with the mnsulating
{1lm 105 interposed therebetween. The Au plating layer 108 1s
clectrically connected to a power supply pole 110 through an
Au wire 109.

As 1llustrated in FIG. 1B, the p-side ohmic electrode (not
shown) and the pn junction structure 101 are sequentially
formed on the support 104, and the n-side ohmic electrode
106 1s formed 1n the periphery of the upper surface of the pn
junction structure 101. In this manner, on the support 104, the
semiconductor light-emitting element 1s formed 1n which the
p-side ohmic electrode (not shown) 1s formed on the lower
surface of the pn junction structure 101 while the n-side

.

ohmic electrode 106 1s formed on the upper surface thereof.

The width Wa of the wiring metal 107 illustrated 1n FIG. 1B
1s about 50 um. The wiring metal 107 1s formed from the
upper surtace of the n-side ohmic electrode 106 to above the
portion of the upper surface of the support 104 that does not
underlie the semiconductor light-emitting element and 1s
overlain by the mnsulating film 105.

The portion of the wiring metal 107 formed on the upper
surface of the support 104 with the insulating film 105 inter-
posed therebetween 1s patterned into a rectangle having a
width Wb of 100 um and a width We of 300 um to form an
clectrode pad. The Au plating layer 108 having a thickness of
30 um 1s formed on the electrode pad and electrically con-
nected to the power supply pole 110 through the Au wire 109.

The semiconductor light-emitting device according to the
first embodiment of the present invention allows the semicon-
ductor light-emitting element to emait light by supplying cur-
rent from the outside to the conductive support 104 made of
CuW and the power supply pole 110.

Next, referring to FIG. 2, details of the pn junction struc-
ture forming the semiconductor light-emitting device accord-
ing to the first embodiment of the present invention will be
described.

FIG. 2 1s a diagram showing details of the pn junction
structure forming the semiconductor light-emitting device
according to the first embodiment of the present mvention
and, specifically, 1s a cross sectional view taken along line
II-IT of FIG. 1A.

As 1llustrated 1n FIG. 2, six layers are deposited on the
p-side ohmic electrode 102 1n the following order: a 5 nm
thick p-GaN contact layer 101q; a 10 nm thick
p-Al, ; Ga, 4N current diffusion layer 1015; a 10 nm thick
p-Al, 30Gay -oN  barrier layer 101; a 30 nm thick
Al sGa, <N 1intermediate layer 101d; a multiple quantum
well active layer 101e formed by depositing a 10 nm thick
n-Al,,.Ga, 4N barrier layer and a 1.5 nm thick
n-Al, ,.Ga, osIn, N quantum well active layer for five
cycles; and a 4 um thick n-GaN contact layer 101f. On the
n-GalN contact layer 101/, the n-side ohmic electrode 106 1s
formed.

In this manner, the pn junction structure 101 1s formed 1n
which the p-type gallium nitride compound semiconductor
layer, the active layer, and the n-type gallium nitride com-
pound semiconductor layer are sequentially deposited. In
addition, the p-side ohmic electrode 102 1s formed on the
lower surface of the pn junction structure 101 while the n-side
ohmic electrode 106 1s formed on the upper surface of the pn
junction structure 101. The semiconductor light-emitting ele-
ment including the semiconductor layer (pn junction struc-
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ture 101) and the adjoimning p-side and n-side ohmic elec-
trodes 102 and 106 1s formed on the support 104 via the fusion
material 103.

Next, referring to FIG. 3, the yield of semiconductor light-
emitting devices according to the first embodiment of the
present invention will be described.

FI1G. 3 1s a diagram showing changes of yield of semicon-
ductor light-emitting devices with the thickness of the pn
junction structure.

A curve A of FIG. 3 shows changes of yield of semicon-
ductor light-emitting devices when power 1s fed to the n-side
ohmic electrode 804 through the bonding wire as in the
known technique, and a straight line B of FIG. 3 shows
changes of yield of semiconductor light-emitting devices
when power 1s fed to the n-side ohmic electrode 106 through
the wiring metal 107 as 1n the first embodiment of the present
invention.

As shown 1n the curve A, according to the feeding method
tor the known semiconductor light-emitting device, the yield
of semiconductor light-emitting devices 1s rapidly reduced
with decrease 1n the thickness of the pn junction structure. In
particular, when the thickness of the pn junction structure 1s
decreased to 30 um or less, the yield of semiconductor light-
emitting devices 1s significantly reduced.

Thus, 1n the known semiconductor light-emitting device,
when the pn junction structure 803 1s thin, cracking or chip-
ping occurs 1n the semiconductor light-emitting element by
application of ultrasound or local application of pressure
from the tip part of a collet for wire bonding during wire
bonding to the n-side ohmic electrode 804. Thus, the conven-
tional semiconductor light-emitting device causes failures
such as an electrical short circuit, an increase 1n current leak-
age, an increase 1 nonuniform light emission in the vicinity
of the p-side ohmic electrode and a decrease of light output.
Therefore, according to the feeding method for the known
semiconductor light-emitting device, the yield of semicon-
ductor light-emitting devices 1s rapidly reduced with decrease
in the thickness of the semiconductor light-emitting element.

On the other hand, as shown 1n the straight line B, accord-
ing to a feeding method for a semiconductor light-emitting
device according to the first embodiment of the present imnven-
tion, the yield 1s constant (100%) regardless of the thickness
of the pn junction structure, thereby realizing an extremely
high vield of semiconductor light-emitting devices.

Since, 1n the semiconductor light-emitting device accord-
ing to the first embodiment of the present invention, power 1s
fed to the n-side ohmic electrode 106 through the wiring
metal 107, not the bonding wire, cracking or chipping does
not occur in the semiconductor light-emitting element 1n the
wire bonding unlike the known technique. Therefore, 1n the
case of the semiconductor light-emitting device according to
the first embodiment of the present invention, as shown in the
straight line B, any decrease of the yield 1s not observed, and
even when the semiconductor light-emitting element has a
thickness of 1.5 um, good light emission can be realized.

As mentioned above, 1n the semiconductor light-emitting
device according to the first embodiment of the present inven-
tion, the wire 1s bonded to not the semiconductor light-emit-
ting element but a portion of the support 104 not underlying
the semiconductor light-emitting element. Therefore, the
semiconductor light-emitting element 1s fed with power
through the wiring metal 107, not a bonding wire. With this
structure, the semiconductor light-emitting device can be fab-
ricated without applying pressure to the semiconductor light-
emitting element. Therefore, 1t 1s possible to prevent the
tusion material 103 (e.g., AuSn), which 1s interposed between
the support 104 and the semiconductor light-emitting ele-
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ment, from being deformed to cause cracking or chipping in
the semiconductor light-emitting element by giving pressure
to the semiconductor light-emitting element during wire
bonding. As a result, the yield of semiconductor light-emit-
ting devices can be enhanced.

In addition, the pad electrode can be formed not above the
semiconductor light-emitting element but above a portion of
the support 104 not underlying the semiconductor light-emait-
ting element. Therefore, there 1s no need to form a pad elec-
trode on a light extraction surface of the semiconductor light-
emitting element. This increases the area of the effective light
extraction surface of the semiconductor light-emitting ele-
ment, thereby enhancing the light emission efficiency.

In the case of the semiconductor light-emitting device
according to the first embodiment of the present invention, as
shown 1in FIG. 3, the yield 1s constant (100%) regardless of the
thickness of the pn junction structure. On the other hand, in
the case of the known semiconductor light-emitting device, as
also shown 1n FIG. 3, the yield 1s rapidly reduced with
decrease 1n the thickness of the pn junction structure. In
particular, when the thickness of the pn junction structure 1s
decreased to 30 um or less, the yield 1s significantly reduced.

As mentioned above, 1n the case of the semiconductor
light-emitting device according to the first embodiment of the
present invention, even when the thickness of the pn junction
structure 1s decreased to 30 um or less, the yield of semicon-
ductor light-emitting devices does not decrease. In other
words, the semiconductor light-emitting devices can be fab-
ricated with extremely high yield.

In the semiconductor light-emitting device according to
the first embodiment of the present invention, as shown in
FIG. 1A, the mnsulating film 103 having a thickness of 300 nm
and made of a S10, {ilm 1s formed between the wiring metal
107 and the semiconductor light-emitting element.

This surely prevents that current injected from the p-side
ohmic electrode 102 to the p-type gallium nitride compound
semiconductor layers tflows into the n-type gallium nitride
compound semiconductor layer through a portion of the wir-
ing metal 107 formed on one side of the semiconductor light-
emitting element to cause current leakage. Therefore, the
yield of semiconductor light-emitting devices can be further
enhanced.

Moreover, 11, as 1n the first embodiment, the insulating film
105 having a thickness of 100 nm or more 1s formed, this
surely prevents that even when a pin hole 1s formed in the
insulating film, current injected from the p-side ohmic elec-
trode 102 to the p-type gallium nitride compound semicon-
ductor layers flows into the n-type gallium nitride compound
semiconductor layer through the pin hole to cause current
leakage. Therelore, the yield of semiconductor light-emitting
devices can be further enhanced.

Furthermore, as 1n the first embodiment, in the case where
the support 104 1s made of a conductive material (e.g., CuW),
the 1nsulating film 105 1s formed between the wiring metal
107 and the support 104. With this structure, the portion of the
wiring metal 107 formed above the upper surface of the
support 104 1s prevented from leaking current to the support
104. Therefore, the yield of semiconductor light-emitting
devices can be further enhanced.

Moreover, 1n the case where the support 104 1s made of a
material having high resistivity, current leakage through the
portion of the wiring metal formed on the upper surface of the
support can be effectively prevented. However, when, as 1n
the first embodiment, the nsulating film 1035 i1s formed
between the wiring metal 107 and the support 104, current
leakage can be more surely prevented.
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In the semiconductor light-emitting device according to
the first embodiment of the present invention, as 1llustrated in
FIGS. 1A and 1B, the semiconductor light-emitting element
1s bonded to the support 104 made of CuW wvia the fusion
material 103. 5

With this structure, the semiconductor light-emitting ele-
ment can be formed on the support 104 which functions as a
heat sink. Therefore, a semiconductor light-emitting device
having excellent heat dispersion property can be provided and
thus the semiconductor light-emitting device can operate 10
with high power.

In the semiconductor light-emitting device according to
the first embodiment of the present invention, as 1llustrated in
FIG. 1A, the angle between the portion of the upper surface of
the support 104 not underlying the semiconductor light-emit- 15
ting element and the adjacent side surface of the semiconduc-
tor light-emitting element 1s more than 90 degrees and less
than 180 degrees.

With this structure, since the side surface of the semicon-
ductor light-emitting element 1s tapered, the wiring metal 107 20
can have excellent step coverage. Therefore, a portion of the
wiring metal 107 formed on the side surface of the semicon-
ductor light-emitting element can be surely prevented from
breaking. As a result, the yield of semiconductor light-emait-
ting devices can be further enhanced. 25

In the semiconductor light-emitting device according to
the first embodiment of the present invention, as 1llustrated in
FIG. 2, the pn junction structure 101 includes the n-type
gallium nitride compound semiconductor layer 101/ 1n the
upper side and the p-type gallium nitride compound semicon- 30
ductor layers 101a to 101c¢ 1n the lower side.

With this structure, in the pn junction structure 101 formed
by depositing the plurality of semiconductor layers, not the
p-GaNlN contact layer 101a but the n-GaN contact layer 101/
can be placed as the uppermost layer. Since the n-GaN contact 35
layer 101f has a smaller resistivity than the p-GalN contact
layer 101a, current mnjected into the n-type gallium nitride
compound semiconductor layer through the n-side ohmic
clectrode 106 1s easily diffused into the semiconductor layer
(pn junction structure 101) as compared with the p-type gal- 40
lium nitride compound semiconductor layer.

Thus, the n-side ohmic electrode 106 can be downsized and
the ratio of the area of the n-side ohmic electrode 106 to the
upper surface of the pn junction structure 101 can be reduced.
Theretore, the area of the effective light extraction surface of 45
the semiconductor light-emitting element can be increased,
which further enhances the light emission efficiency in the
semiconductor light-emitting device.

Moreover, since the p-side ochmic electrode 102 1s formed
on the lower surface of the pn junction structure 101, it can be 50
formed not as a partial electrode but as a full-scale electrode.
Therefore, current can be injected uniformly into the p-type
gallium nitride compound semiconductor layer and thus non-
uniform light emission can be prevented. This not only
increases the light emission efliciency but provides a semi- 55
conductor light-emitting device exhibiting uniform and good
light emission.

Now, referring to FIGS. 4A to 4D and 5A to 5E, a method
for fabricating the semiconductor light-emitting device
according to the first embodiment of the present invention 60
will be described.

FIGS. 4A to 4D and 5A to 5E are cross sectional views of
essential parts showing the steps of fabricating the semicon-
ductor light-emitting device according to the first embodi-
ment of the present invention. 65

As 1llustrated 1n FIG. 4A, a pn junction structure 101 1s
tormed on a sapphire substrate 100. The pn junction structure
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101 1s a semiconductor layer formed by sequentially depos-
iting an n-type gallium nitride compound semiconductor
layer, an active layer, a p-type gallium nitride compound
semiconductor layer through epitaxial growth.

Next, as illustrated i FIG. 4B, a p-side ohmic electrode
102 and a fusion material 103 made of AuSn are sequentially
formed on the pn junction structure 101.

Next, as illustrated 1n FIG. 4C, a support 104 made of CuW
1s pressed against, with the fusion material 103 interposed
therebetween, the surface of the p-side ohmic electrode 102
opposite to the surface on which the pn junction structure 101
1s formed. Subsequently, the resultant structure 1s held at 380°
C. for one minute with the support 104 pressed against the
p-side ohmic electrode 102 and then i1s returned to room
temperatures, thereby bonding the pn junction structure 101
to the support 104 via the fusion material 103.

Next, as 1llustrated 1n FI1G. 4D, the surface of the substrate
100 opposite to the surface thereotf on which the pn junction
structure 101 1s formed 1s 1rradiated with pulsed YAG third
harmonic laser (with a wavelength of about 355 nm) to scan
the entire surface, thereby peeling oif the pn junction struc-
ture 101 from the substrate 100.

As described above 1 FIG. 2, the semiconductor layer
constituting part of the pn junction structure 101 formed on
the support 104 includes an n-GaN contact layer 101/ as the
uppermost layer. The wavelength at the absorption edge of the
n-GalN contact layer 1s about 365 nm. Therefore, 1n the step
illustrated 1n FIG. 4D, the substrate 100 1s irradiated with
pulsed YAG third harmonic laser whose wavelength 1s about
355 nm. Thus, the n-GaN contact layer 1s decomposed by
absorbing energy of the pulsed YAG third harmonaic laser.

Since the laser lift-off technique 1s employed 1n the above
manner, the n-GaN contact layer 1s decomposed at a location
about 0.2 um away from the interface between the pn junction
structure 101 and the substrate 100, thereby peeling off the pn
junction structure 101 from the substrate 100. Gallium 1s
deposited on the upper surface of the n-GaN contact layer 1n
the pn junction structure 101 peeled off from the substrate
100.

Next, the surface of the pn junction structure 101 closer to
the substrate 100 1s treated with diluted hydrochloric acid to
remove galllum deposited on the upper surtace of the pn
junction structure 101. Then, a photoresist (not shown) 1s
patterned 1nto a 350 um square on the pn junction structure
101, thereby forming an opening which exposes the pn junc-
tion structure 101.

Subsequently, the pn junction structure 101 is dry etched
through the opening using the photoresist as amask toremove
a portion of the pn junction structure 101 that 1s present in the
opening. As aresult, as illustrated in FIG. SA, a plurality ol pn
junction structures 101 are patterned, each of which has
tapered side surfaces and a 350 um square shape.

Next, as illustrated in FIG. 5B, the msulating film 105
having a thickness 01 300 nm and made of S10, film 1s formed
on the side surfaces of the pn junction structures 101 and the
portion of the support 104 not underlying the pn junction
structures 101, and n-side ochmic electrodes 106 are formed
on the pn junction structures 101, respectively.

In this manner, semiconductor light-emitting elements are
formed in each of which the p-side ohmic electrode 102 1s
formed on the lower surface of the pn junction structure 101
and the n-side ohmic electrode 106 1s formed on the upper
surface thereof.

Next, as illustrated 1n FIG. 5C, wiring metals 107 are
formed each to extend from the upper surface of the associ-
ated n-side ohmic electrode 106 on the upper surface of the
associated pn junction structure 101 to above a portion of the
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upper surface of the support 104 not underlying the associated
semiconductor light-emitting element with an insulating film
105 interposed therebetween. Each wiring metal 107 1s
tformed by depositing a 50 nm thick Ti layer, a 100 nm thick
Pt layer and a 300 nm thick Au layer.

Next, as illustrated 1n FIG. 5D, an Au plating layer 108 1s
formed on a portion of each wiring metal 107 not underlying
the semiconductor light-emitting element.

Next, as illustrated in FIG. SE, the support 104 1s diced for
cach semiconductor light-emitting element.

As mentioned above, according to the method for fabricat-
ing the semiconductor light-emitting device according to the
first embodiment of the present immvention, a wire will be
bonded not to each semiconductor light-emitting element but
to the portion of the support 104 not underlying the semicon-
ductor light-emitting element. This enables the formation of
the semiconductor light-emitting element fed with power
through the associated wiring metal 107, not a bonding wire.
Theretfore, the semiconductor light-emitting device can be
tabricated without applying pressure to the semiconductor
light-emitting element. This makes 1t possible to prevent the
tusion material 103 (e.g., AuSn), which 1s interposed between
the support 104 and the semiconductor light-emitting ele-
ment, from being deformed to cause cracking or chipping in
the semiconductor light-emitting element by giving pressure
to the semiconductor light-emitting element during wire
bonding. As a result, the yield of semiconductor light-emit-
ting devices can be enhanced.

In addition, a pad electrode can be formed not above the
semiconductor light-emitting element but above a portion of
the support 104 not underlying the semiconductor light-emait-
ting element. Therefore, there 1s no need to form a pad elec-
trode on a light extraction surface of the semiconductor light-
emitting element. This increases the area of the effective light
extraction surface of the semiconductor light-emitting ele-
ment, thereby enhancing the light emission efficiency.

In the method for fabricating the semiconductor light-emait-
ting device according to the first embodiment of the present
invention, as illustrated 1 FIG. 5C, a wiring metal 107 1s
formed over one side surface of each semiconductor light-
emitting element with an insulating film 105 mterposed ther-
cbetween.

This makes 1t possible to surely prevent current from leak-
ing through a portion of the wiring metal 107 formed on one
side of the semiconductor light-emitting element. Therefore,
current leakage can be reduced and thus the yield of semicon-
ductor light-emitting devices can be further enhanced.

In the method for fabricating the semiconductor light-emait-
ting device according to the first embodiment of the present
invention, as illustrated in FIG. 4D, the surface of the sub-
strate 100 opposite to the surface on which the pn junction
structure 101 1s formed 1s 1rradiated with pulsed YAG third
harmonic laser (with a wavelength of about 355 nm).

Thus, the n-GaN contact layer 101/ whose absorption edge
wavelength 1s about 365 nm 1s 1rradiated with pulsed YAG
third harmonic laser whose wavelength 1s about 3355 nm.
Therefore, the n-GaN contact layer 101/'1s decomposed by
absorbing energy of the pulsed YAG third harmonic laser. As
a result, the pn junction structure 101 can be peeled off from
the substrate 100.

Note that in the semiconductor light-emitting device
according to the first embodiment of the present invention and
the method for fabricating the same, as 1llustrated in FIG. 1A,
the wiring metal has a width Wa of 50 um, but any other
widths are acceptable. However, 1in the case of the wiring
metal 107 having a width Wa of 5 um or less, the portion of the
wiring metal 107 formed over one side of the semiconductor
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light-emitting element will be broken or the wiring metal 107
will be broken due to heat generation 1n driving a current.
Theretore, the width Wa of the wiring metal 107 1s preferably
D Lm Or more.

Moreover, 1n the method for fabricating the semiconductor
light-emitting device according to the first embodiment of the
present invention, as illustrated 1n FIG. 4B, the fusion mate-
rial 103 1s firstly formed on the pn junction structure 101 and
then the pn junction structure 101 1s bonded to the support 104
via the fusion material 103. However, the present invention 1s
not limited to the above. Alternatively, the fusion material 103
may be firstly formed on the support 104 and then the pn
junction structure 101 may be bonded to the support 104 via
the fusion material 103.

Furthermore, in the method for fabricating the semicon-
ductor light-emitting device according to the first embodi-
ment of the present invention, as illustrated 1n FI1G. 4C, the pn
junction structure 101 1s bonded to the support 104 via the
fusion material 103, and then, as 1llustrated in FIG. 5A, the pn
junction structure 101 1s dry etched to form a patterned pn
junction structure 101. However, the present invention 1s not
limited to this order. Alternatively, before the pn junction
structure 101 1s bonded to the support 104 via the fusion
material 103, the pn junction structure 101 may be dry etched
to expose the substrate 100 and thereby forms a patterned pn

junction structure 101. Then, the pn junction structure 101 1s
bonded to the support 104 via the fusion material 103.

Second Embodiment

Now, referring to FIGS. 6A and 6B, the structure of a
semiconductor light-emitting device according to a second
embodiment of the present invention will be described.

FIGS. 6 A and 6B are diagrams showing the structure of the
semiconductor light-emitting device according to the second
embodiment of the present mmvention. FIG. 6A 1s a cross
sectional view showing the structure of the semiconductor
light-emitting device according to the second embodiment of
the present invention, specifically, a cross sectional view
taken along line VIa-VIa of FIG. 6B and FIG. 6B 1s a plan
view showing the same.

As 1llustrated i FIG. 6A, a p-side ohmic electrode 202, a
pn junction structure 201, and an n-side ohmic electrode 205
are sequentially formed on a support 203 which has a thick-
ness of 100 um and 1s made of Au. The pn junction structure
201 has a thickness of 5 um and a 350 um square shape, and
comprises a semiconductor layer formed by sequentially
depositing a p-type gallium nitride compound semiconductor
layer, an active layer and an n-type gallium nitride compound
semiconductor layer. Thus, a semiconductor light-emitting
clement 1s formed which includes the semiconductor layer
(pn junction structure 201) and the adjoining p-side and
n-side ohmic electrodes 202 and 205.

A wiring 206 1s formed to extend from the upper surface of
the n-side ohmic electrode 205 on top of the pn junction
structure 201 to above a portion of the upper surface of the
support 203 not underlying the semiconductor light-emitting
clement with an nsulating film 204 made of a S10, film
interposed therebetween. In this manner, the mnsulating film
204 1s formed between the support 203 and the wiring metal
206 and between the semiconductor light-emitting element
and the wiring metal 206. The wiring metal 206 1s a metal film
formed by sequentially depositing a 11 layer of 50 nm, a Pt
layer of 100 nm, and an Au layer o1 300 nm. The wiring metal
206 electrically connects between the n-side ohmic electrode
203 and the below-mentioned Au plating layer 207.



US 8,026,530 B2

21

The Au plating layer 207 having a thickness of 30 um 1s
formed on a portion of the wiring metal 206 formed straight
above the upper surface of the support 203 with the insulating
{1lm 204 interposed therebetween. The Au plating layer 207 1s
clectrically connected to a power supply pole 209 through an
Au wire 208.

As 1llustrated 1n FIG. 6B, the p-side ohmic electrode (not
shown) and the pn junction structure 201 are sequentially
tormed on the support 203, and the n-side ochmic electrode
205 1s formed 1n the periphery of the upper surface of the pn
junction structure 201. In this manner, on the support 203, the
semiconductor light-emitting element 1s formed 1n which the
p-side ohmic electrode (not shown) 1s formed on the lower
surface of the pn junction structure 201 while the n-side
ohmic electrode 2035 1s formed on the upper surface thereof.

The width Wd of the wiring metal 206 1llustrated in FIG.
6B 1s about 50 um. The wiring metal 206 1s formed from the
upper surface of the n-side ohmic electrode 203 to above the
portion of the upper surface of the support 203 not underlying,
the semiconductor light-emitting element and 1s overlain by
the msulating film 204.

The portion of the wiring metal 206 formed on the upper
surface of the support 203 with the insulating film 204 inter-
posed therebetween 1s patterned into a rectangle having a
width We of 100 um and a width W1 of 300 um to form an
electrode pad. The Au plating layer 207 having a thickness of
30 um 1s formed on the electrode pad and electrically con-
nected to the power supply pole 209 through the Au wire 208.

The semiconductor light-emitting device according to the
second embodiment of the present invention allows the semi-
conductor light-emitting element to emit light by supplying
current from the outside to the conductive support 203 made
of Au and the power supply pole 209.

Note that the structure of the pn junction structure 201 of
the semiconductor light-emitting device according to the sec-
ond embodiment 1s identical with that of the pn junction
structure 101 of the semiconductor light-emitting device
according to the first embodiment, and thus the description 1s
not repeated here.

As mentioned above, 1n the semiconductor light-emitting
device according to the second embodiment of the present
invention, the wire 1s bonded not to the semiconductor light-
emitting element but to a portion of the support 203 not
underlying the semiconductor light-emitting element. There-
fore, the semiconductor light-emitting element 1s fed with
power through the wiring metal 206, not a bonding wire. With
this structure, the semiconductor light-emitting device can be
tabricated without applying pressure to the semiconductor
light-emitting element. Therefore, even when the support 1s
made of amaterial having a hardness lower than sapphire, SiC
or the like, it 1s possible to prevent the support 203 (e.g., Au)
made of such a low hardness material from being deformed to
cause cracking or chipping in the semiconductor light-emat-
ting element by giving pressure to the semiconductor light-
emitting element during wire bonding. As a result, the yield of
semiconductor light-emitting devices can be enhanced.

In addition, the pad electrode can be formed not above the
semiconductor light-emitting element but above a portion of
the support 203 not underlying the semiconductor light-emait-
ting element. There 1s no need to form a pad electrode on a
light extraction surface of the semiconductor light-emitting
clement. This increases the area of the effective light extrac-
tion surface of the semiconductor light-emitting element,
thereby enhancing the light emission efficiency.

In the semiconductor light-emitting device according to
the second embodiment of the present invention, as shown in

FIG. 6 A, the mnsulating film 204 having a thickness o1 300 nm
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and made of a S10,, film 1s formed between the wiring metal
206 and the semiconductor light-emitting element.

This surely prevents that current injected from the p-side
ohmic electrode 202 to the p-type gallium mitride compound
semiconductor layers flows into the n-type gallium nitride
compound semiconductor layer through a portion of the wir-
ing metal 206 formed on one side of the semiconductor light-
emitting element to cause current leakage. Therefore, the
yield of semiconductor light-emitting devices can be further
enhanced.

Moreover, 11, as 1n the second embodiment, the insulating,
film 204 having a thickness o1 100 nm or more 1s formed, this
surely prevents that even when a pin hole 1s formed 1n the
insulating film, current leaks through the pin hole. Therefore,
the yield of semiconductor light-emitting devices can be fur-
ther enhanced.

Furthermore, as in the second embodiment, 1in the case
where the support 203 1s made of a conductive matenal (e.g.,
Au), the msulating film 204 1s formed between the wiring
metal 206 and the support 203. With this structure, the portion
of the wiring metal 206 formed above the upper surface of the
support 203 1s prevented from leaking current to the support
203. Theretfore, the yvield of semiconductor light-emitting
devices can be further enhanced.

Moreover, 1n the case where the support 203 1s made of a
material having high resistivity, current leakage through the
portion of the wiring metal formed on the upper surface of the
support can be etlectively prevented. However, when, as 1n
the second embodiment, the insulating film 204 1s formed
between the wiring metal 206 and the support 203, current
leakage can be more surely prevented.

In the semiconductor light-emitting device according to
the second embodiment of the present invention, as illustrated
in FIGS. 6 A and 6B, the semiconductor light-emitting ele-
ment 1s bonded to the support 203 made of Au.

With this structure, the semiconductor light-emitting ele-
ment 1s formed on the support 203 which functions as a heat
sink. Therefore, a semiconductor light-emitting device hav-
ing excellent heat dispersion property can be provided and
thus the semiconductor light-emitting device can operate
with high power.

In the semiconductor light-emitting device according to
the second embodiment of the present invention, as 1llustrated
in F1G. 6 A, the angle between the portion of the upper surface
of the support 203 not underlying the semiconductor light-
emitting element and the adjacent side surface of the semi-
conductor light-emitting element 1s more than 90 degrees and
less than 180 degrees.

With this structure, since the side surface of the semicon-
ductor light-emitting element 1s tapered, the wiring metal 206
can have excellent step coverage. Therefore, a portion of the
wiring metal 206 formed on the side surface of the semicon-
ductor light-emitting element can be surely prevented from
breaking. As a result, the vield of semiconductor light-emait-
ting devices can be further enhanced.

In the semiconductor light-emitting device according to
the second embodiment of the present invention, as described
above, the pn junction structure 201 includes the n-type gal-
lium nitride compound semiconductor layer 101f1n the upper
side and with the p-type gallium nitride compound semicon-
ductor layers 101a to 101c¢ in the lower side.

With this structure, 1n the pn junction structure 201 formed
by depositing the plurality of semiconductor layers, not the
p-GaNlN contact layer 101a but the n-GaN contact layer 101/
can be placed as the uppermost layer. Since the n-GalN contact
layer has a smaller resistivity than the p-GaN contact layer,
current mjected into the n-type gallium nitride compound
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semiconductor layer through the n-side ohmic electrode 205
1s easily diffused into the semiconductor layer (pn junction
structure 201) as compared with the p-type gallium mitride
compound semiconductor layer.

Thus, the n-side ohmic electrode 205 can be downsized and
the ratio of the area of the n-side ohmic electrode 205 to the
upper surface of the pn junction structure 201 can be reduced.
Theretore, the area of the effective light extraction surface of
the semiconductor light-emitting element can be increased,
which further enhances the light emission efficiency in the
semiconductor light-emitting device.

Moreover, since the p-side ochmic electrode 202 1s formed
on the lower surface of the pn junction structure 201, 1t can be
formed not as a partial electrode but as a full-scale electrode.
Therefore, current can be injected uniformly into the p-type
gallium nitride compound semiconductor layer and thus non-
uniform light emission can be prevented. This not only
increases the light emission efliciency but provides a semi-
conductor light-emitting device exhibiting uniform and good
light emission.

Now, referring to FIGS. 7A to 7D and 8A to 8E, a method
for fabricating the semiconductor light-emitting device
according to the second embodiment of the present invention
will be described.

FIGS. 7A to 7D and 8A to 8E are cross sectional views of
essential parts showing the steps of fabricating the semicon-
ductor light-emitting device according to the second embodi-
ment of the present invention.

As 1llustrated 1n FIG. 7A, a pn junction structure 201 1s
formed on the sapphire substrate 200. The pn junction struc-
ture 201 1s a semiconductor layer formed by sequentially
depositing an n-type gallium nitride compound semiconduc-
tor layer, an active layer, a p-type gallium nitride compound
semiconductor layer through epitaxial growth.

Next, as 1llustrated 1n FIG. 7B, a p-side ohmic electrode
202 1s formed on the pn junction structure 201.

Next, as illustrated in FIG. 7C, a support 203 which has a
thickness of 100 um and 1s made of Au 1s formed by plating on
the surface of the p-side ohmic electrode 202 opposite to the
surface on which the pn junction structure 201 1s formed.

Next, as 1llustrated 1n FIG. 7D, the surface of the substrate
200 opposite to the surface thereof on which the pn junction
structure 201 1s formed 1s 1rradiated with pulsed YAG third
harmonic laser (with a wavelength of about 355 nm) to scan
the entire surface, thereby peeling off the pn junction struc-
ture 201 from the substrate 200.

As described above, the semiconductor layer constituting
part of the pn junction structure 201 formed on the support
203 1ncludes an n-GaN contact layer as the uppermost layer.
The wavelength at the absorption edge of the n-GalN contact
layer 1s about 365 nm. Theretore, in the step illustrated in FIG.
7D, the substrate 200 1s rradiated with pulsed YAG third
harmonic laser whose wavelength 1s about 355 nm. Thus, the
n-GalN contact layer 1s decomposed by absorbing energy of
the pulsed YAG third harmonic laser.

Since the laser lift-oif technique 1s employed 1n the above
manner, the n-GaN contact layer 1s decomposed at a location
about 0.2 um away from the interface between the pn junction
structure 201 and the substrate 200, thereby peeling oif the pn
junction structure 201 from the substrate 200. Gallium 1s
deposited on the upper surface of the n-GaN contact layer 1n
the pn junction structure 201 peeled off from the substrate
200.

Next, the surface of the pn junction structure 201 closer to
the substrate 200 1s treated with diluted hydrochloric acid to
remove galllum deposited on the upper surface of the pn
junction structure 201. Then, a photoresist (not shown) pat-
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terned 1nto a 350 um square on the pn junction structure 201,
thereby forming an opening which exposes the pn junction
structure 201.

Subsequently, the pn junction structure 201 1s dry etched
through the opening using the photoresist as amask toremove
a portion of the pn junction structure 201 that 1s present in the
opening. As aresult, as illustrated in FIG. 8 A, a plurality ol pn
junction structures 201 are patterned each of which has
tapered side surfaces and a square shape having a length of
350 um.

Next, as illustrated in FIG. 8B, the msulating film 204
having a thickness of 300 nm and made of S10, film 1s formed
on the side surfaces of the pn junction structures 201 and the
portion of the support 203 not underlying the pn junction
structures 201, and n-side ochmic electrodes 205 are formed
on the pn junction structures 201, respectively.

In this manner, the semiconductor light-emitting elements
are formed 1n each of which the p-side ohmic electrode 202 1s
formed on the lower surface of the pn junction structure 201
and the n-side ohmic electrode 205 1s formed on the upper
surface thereof.

Next, as illustrated 1n FIG. 8C, wiring metals 206 are
formed each to extend from the upper surface of the associ-
ated n-side ohmic electrode 205 on the upper surface of the
associated pn junction structure 203 to above a portion of the
support 203 not underlying the associated semiconductor
light-emitting element with an msulating film 2035 interposed
therebetween. Each wiring metal 206 1s formed by depositing
a 50 nm thick Ti layer, a 100 nm thick Pt layer and a 300 nm
thick Au layer.

Next, as 1llustrated 1n FI1G. 8D, an Au plating layer 207 1s
formed on a portion of each wiring metal 206 not underlying
the semiconductor light-emitting element.

Next, as illustrated 1n FIG. 8E, the support 203 1s diced for
cach semiconductor light-emitting element.

As mentioned above, according to the method for fabricat-
ing the semiconductor light-emitting device according to the
second embodiment of the present invention, a wire will be
bonded not to each semiconductor light-emitting element but
to the portion of the support 203 not underlying the semicon-
ductor light-emitting element. This enables the formation of
the semiconductor light-emitting element fed with power
through the associated wiring metal 206, not a bonding wire.
Therefore, the semiconductor light-emitting device can be
tabricated without applying pressure to the semiconductor
light-emitting element. Therefore, even when the support 1s
made of a material having a hardness lower than sapphire, SiC
or the like, 1t 1s possible to prevent the support 203 (e.g., Au)
made of such a low hardness material {from being deformed to
cause cracking or chipping 1n the semiconductor light-emat-
ting element by giving pressure to the semiconductor light-
emitting element during wire bonding. As aresult, the yield of
semiconductor light-emitting devices can be enhanced.

In addition, a pad electrode can be formed not above the
semiconductor light-emitting element but above a portion of
the support 203 not underlying the semiconductor light-emait-
ting element. Therefore, there 1s no need to form a pad elec-
trode on a light extraction surface of the semiconductor light-
emitting element. This increases the area of the effective light
extraction surface of the semiconductor light-emitting ele-
ment, thereby enhancing the light emission efficiency.

In the method for fabricating the semiconductor light-emit-
ting device according to the second embodiment of the
present 1nvention, as illustrated in FIG. 8C, a wiring metal
206 1s formed over one side surface of each semiconductor
light-emitting element with an insulating film 204 interposed
therebetween.
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This surely prevents that current injected from the p-side
ohmic electrode 202 to the p-type gallium nitride compound

semiconductor layers flows into the n-type gallium mitride
compound semiconductor layer through a portion of the wir-
ing metal 206 formed on one side of the semiconductor light-
emitting element to cause current leakage. Therefore, the
yield of semiconductor light-emitting devices can be further
enhanced.

Inthe method for fabricating the semiconductor light-emait-
ting device according to the second embodiment of the
present invention, as 1llustrated 1n FIG. 7D, the surface of the
substrate 200 opposite to the surface on which the pn junction
structure 201 1s formed 1s 1rradiated with pulsed YAG third
harmonic laser (with a wavelength of about 355 nm).

Thus, the n-GaN contact layer 101/ whose absorption edge
wavelength 1s about 365 nm 1s 1rradiated with pulsed YAG
third harmonic laser whose wavelength 1s about 355 nm.
Theretore, the n-GaN contactlayer 1s decomposed by absorb-
ing energy of the pulsed YAG third harmonic laser. As a resullt,
the pn junction structure 201 can be peeled oif from the
substrate 200.

Note that 1n the semiconductor light-emitting device
according to the second embodiment of the present invention
and the method for fabricating the same, the p-side ohmic
clectrode 202 1s directly bonded to the support 203 of Au
formed by plating, but the present invention is not limited to
the structure. Alternatively, the p-side ohmic electrode may
be fusion bonded to the support.

Moreover, 1n the semiconductor light-emitting device
according to the second embodiment of the present invention
and the method for fabricating the same, the support 203 has
a thickness of 100 um, but the support 1s not limited to the
thickness. However, preferably, the support 203 has a thick-
ness of 30 um or more in consideration of ease of waler
handling. More pretferably, the support 203 has a thickness of
less than 1000 um i1n consideration of ease of dicing the
support 203 for each semiconductor light-emitting element
and a manufacturing cost.

Note that 1n the semiconductor light-emitting device
according to the second embodiment of the present invention
and the method for fabricating the same, as illustrated 1n FIG.
6 A, the wiring metal 206 has a width Wd of 50 um, but any
other widths are acceptable. However, in the case of the
wiring metal 206 having a width Wd of 5 um or less, the
portion of the wiring metal 206 formed over one side of the
semiconductor light-emitting element will be broken or the
wiring metal 206 will be broken due to heat generation in
driving a current. Therefore, the width Wa of the wiring metal
206 1s preferably 5 um or more.

Furthermore, in the method for fabricating the semicon-
ductor light-emitting device according to the second embodi-
ment of the present invention, as 1llustrated in FIG. 7C, the pn
junction structure 201 1s bonded to the support 203, and then,
as 1llustrated in FIG. 8A, the pn junction structure 201 1s dry
ctched to form a patterned pn junction structure 201. How-
ever, the present invention 1s not limited to this order. Alter-
natively, before the pn junction structure 201 1s bonded to the
support 203, the pn junction structure 201 may be dry etched
to expose the substrate 200 and thereby forms a patterned pn
junction structure 201. Then, the pn junction structure 201 1s
bonded to the support 203.

Third Embodiment

Now, referring to FI1G. 9, the structure of a semiconductor
light-emitting device according to a third embodiment of the
present invention will be described.
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FIG. 9 1s a plan view of the structure of the semiconductor
light-emitting device according to the third embodiment of
the present invention.

As being 1dentical with the cross sectional view of the
structure of the semiconductor light-emitting device accord-
ing to the first embodiment, the cross sectional view of the
structure of the semiconductor light-emitting device accord-
ing to the third embodiment of the present invention 1s omit-
ted here. In FIG. 9, the same structural elements as in the
semiconductor light-emitting device according to the first
embodiment of the present invention are denoted by the same
reference numerals. In the third embodiment, the same
description as in the semiconductor light-emitting device
according to the first embodiment of the present invention
will not be repeated.

As 1llustrated in FIG. 9, a p-side ohmic electrode (not
shown) and a pn junction structure 101 are sequentially
formed on a support 104, and an n-side ochmic electrode 306
1s formed on the center of the upper surface of the pn junction
structure 101. Thus, on the support 104, a semiconductor
light-emitting element 1s formed 1n which the p-side ohmic
clectrode (not shown) 1s formed on the lower surtace of the pn
junction structure 101 and the n-side ohmic electrode 306 1s
formed on the upper surface thereof.

A wiring metal 307 1s formed to extend from the upper
surface of the n-side ochmic electrode 306 to above a portion
of the upper surface of the support 104 not underlying the
semiconductor light-emitting element and interpose an 1nsu-
lating film 30S5.

In the semiconductor light-emitting device according to
the third embodiment of the present invention, the n-side
ohmic electrode 306 1s formed on the upper surface of the pn
junction structure 101 at or near the center thereof.

With this structure, the density of current flowing from the
n-side ohmic electrode 306 to the active layer which forms the
pn junction structure 101 1s uniform 1n the surface of the
active layer. As a result, light emission efficiency can be
further enhanced 1n the semiconductor light-emitting device.

Now, referring to FIG. 10, the current to light output char-
acteristic of the semiconductor light-emitting device accord-
ing to the third embodiment of the present invention will be
described.

FIG. 10 1s a diagram showing changes of light output of the
semiconductor light-emitting device with driving current.

A curve C of FIG. 10 shows changes of light output of the
semiconductor light-emitting device in the case where the
n-side ohmic electrode 106 1s formed in the periphery of the
upper suriace of the pn junction structure 101 as described in
the first embodiment, and a straight line D of FIG. 10 shows
changes of light output of the semiconductor light-emitting
device 1n the case where the n-side ohmic electrode 306 1s
tormed on the center of the pn junction structure 101 as in the
third embodiment.

As shown 1n FIG. 10, the value of the light output (mailli-
watt) with respect to a certain driving current (mA) obtained
from the straight line D 1s larger than that of the light output
obtained from the curve C.

Therefore, the n-side ohmic electrode formed as a partial
clectrode on the upper surface of the pn junction structure
exhibits higher light output in the case ol being formed on the
center of the upper surface of the pn junction structure than 1n
the case of being formed 1n the periphery thereof.

Since, 1in the semiconductor light-emitting device accord-
ing to the third embodiment of the present invention, the
n-side ohmic electrode 306 i1s formed on the upper surface of
the pn junction structure at or near the center thereof as
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described above, the light emission efliciency can be further
enhanced 1n the semiconductor light-emitting device.

Fourth Embodiment

Now, referring to FIG. 11, the structure of a semiconductor
light-emitting device according to a fourth embodiment of the
present invention will be described.

FIG. 11 1s a plan view illustrating the structure of the
semiconductor light-emitting device according to the fourth
embodiment of the present invention.

Note that as being 1dentical with the cross sectional view of
the structure of the semiconductor light-emitting device
according to the first embodiment, the cross sectional view of
the structure of the semiconductor light-emitting device
according to the fourth embodiment of the present invention
1s omitted here.

As shown 1 FIG. 11, semiconductor light-emitting ele-
ments L1 to L9, each patterned into a square having a length
o1 350 are arranged in an array on a support 404 made of CuW
with a fusion material (not shown) interposed therebetween.

Each of the semiconductor light-emitting elements L1 to
L9 has a first electrode (not shown) and a second electrode
(not shown). The upper part of each of the semiconductor
light-emitting elements L1 to L9 1s formed by one of the first
and second electrodes and the lower part thereot 1s formed by
the other. The electrode which forms the lower part of each of
the semiconductor light-emitting elements L1 to L9 1s bonded

o the support 404 serving as a heat sink via the fusion mate-
rial.

A wiring metal 407 1s formed to extend from the upper
surfaces of the electrodes forming the upper parts of the
associated semiconductor light-emitting elements L1 to L9 to
above a portion of the upper surface of the support 404 not
underlying the associated semiconductor light-emitting ele-
ments L1 to L9 with an insulating film (not shown) interposed
therebetween. An Au plating layer 408 1s formed on the
portion of the wiring metal 407 formed above the upper
surface of the support 404 with the insulating film interposed
therebetween. The Au plating layer 408 1s electrically con-
nected to a power supply part (not shown) through an Au wire
(not shown). In this manner, the electrode forming the upper
part of each of the semiconductor light-emitting elements 1.1
to L9 1s electrically connected to the power supply part (not
shown) through the common wiring metal 407.

As mentioned above, 1n the semiconductor light-emitting
device according to the fourth embodiment of the present
invention, the wire can be bonded not to the semiconductor
light-emitting elements but to the portion of the support 404
not underlying the semiconductor light-emitting elements.
With this structure, each of the semiconductor light-emitting
clements L1 to L9 1s fed with power through the common
wiring metal 407, not a bonding wire. This makes it possible
to prevent the fusion matenial (e.g., AuSn), which 1s inter-
posed between the support 404 and the semiconductor light-
emitting elements L1 to L9, from being deformed to cause
cracking or chipping in the semiconductor light-emitting ele-
ments by giving pressure to the semiconductor light-emitting
clements during manufacturing. As a result, regardless of the
number of semiconductor light-emitting elements arranged in
an array, the yield of semiconductor light-emitting devices
can be enhanced.

Moreover, since each of the semiconductor light-emitting
clements L1 to L9 1s fed with power through the common
wiring metal 407, there 1s no need to bond the wire to each of
the semiconductor light-emitting elements. As a result,
regardless of the number of semiconductor light-emitting,

10

15

20

25

30

35

40

45

50

55

60

65

28

clements arranged in an array, the yield of semiconductor
light-emitting devices can be enhanced and the manufactur-
ing cost can be reduced.

In addition, 1n the semiconductor light-emitting device
according to the fourth embodiment of the present invention,
the common pad electrode can be formed not on each of the
semiconductor light-emitting elements but on the portion of
the support 404 not underlying the semiconductor light-emait-
ting elements. Therefore, there 1s no need to form a pad
clectrode on the upper surface of each semiconductor light-
emitting element. This increases the area of the effective light
extraction surface of the semiconductor light-emitting ele-
ment, thereby further enhancing the light emission efficiency
in each semiconductor light-emitting element.

Moreover, since the pn junction structure of each of the
semiconductor light-emitting elements L1 to L9 has a large
index of refraction, light arriving at the upper surface of each
semiconductor light-emitting element at a certain angle or
more 1s totally reflected therefrom. On the other hand, light
arriving at the side surfaces of the semiconductor light-emat-
ting element, regardless of the index of refraction of the pn
junction structure, 1s not totally retlected therefrom. There-
fore, 1n the semiconductor light-emitting device according to
the fourth embodiment of the present invention, the arrange-
ment of the plurality of semiconductor light-emitting ele-
ments 1n an array increases the ratio of the area of the side
surfaces of all the semiconductor light-emitting elements to
the light extraction surfaces of all the semiconductor light-
emitting elements. As a result, light emission efficiency can
be further enhanced.

Note that the fourth embodiment of the present invention
has described the semiconductor light-emitting device
including the semiconductor light-emitting elements L1 to L9
of a 350 um square, but the size of the semiconductor light-
emitting elements of the present invention 1s not limited to the
square. Alternatively, each of the semiconductor light-emit-
ting elements may have a square shape of 150 um or less side
length. In that case, the ratio of the area of the side surfaces of
cach semiconductor light-emitting element to the light
extraction surface of the semiconductor light-emitting ele-
ment can be increased. As a result, light emission efficiency
can be further enhanced.

Moreover, the fourth embodiment of the present invention
has described the semiconductor light-emitting device in
which nine semiconductor light-emitting eclements are
arranged 1n an array, but the number of the semiconductor
light-emitting elements 1s not limited to this.

Moreover, the fourth embodiment of the present invention
has described the semiconductor light-emitting device in
which each of the semiconductor light-emitting elements L1
to L9 has a square shape, but the semiconductor light-emait-
ting element 1s not limited to the shape. Alternatively, the
semiconductor light-emitting element may have any shape
such as rectangle, parallelogram, triangle and circular.

Furthermore, the fourth embodiment of the present inven-
tion has described the semiconductor light-emitting device in
which all the semiconductor light-emitting elements are con-
nected 1n parallel, but the present invention 1s not limited to
this arrangement. Alternatively, all the semiconductor light-
emitting elements may be serially connected to each other or
some groups of semiconductor light-emitting elements con-
nected 1n parallel are serially connected to each other.

Fifth Embodiment

Now, referring to FI1G. 12, the structure of a semiconductor
light-emitting device according to a fifth embodiment of the
present invention will be described.
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FI1G. 12 1s across sectional view 1llustrating the structure of
the semiconductor light-emitting device according to the fifth
embodiment of the present invention.

Note that 1n FIG. 12, the same structural elements as 1n the
semiconductor light-emitting device according to the first
embodiment of the present invention are denoted by the same
reference numerals. In the fifth embodiment, the same
description as in the semiconductor light-emitting device
according to the first embodiment of the present invention
will not be repeated.

As shown 1n FIG. 12, 1n the semiconductor light-emitting
device according to the fifth embodiment of the present inven-
tion, a resin material 5300 containing a phosphor 1s applied to
the semiconductor light-emitting elements of the semicon-
ductor light-emitting device according to the fourth embodi-
ment.

An example of the phosphor contained 1n the resin material
500 1s a phosphor which 1s excited by blue light emitted from
the semiconductor light-emitting element to illuminate in
yellow color, such as a YAG phosphor. In this case, a semi-
conductor light-emitting device emitting white light can be
realized by mixing blue light from the semiconductor light-
emitting element with yellow light from the phosphor.

In the semiconductor light-emitting device according to
the fifth embodiment of the present invention, unlike the
known art, the Au wire (not shown) 1s not broken by receiving
pressure during the application of the resin material. There-
fore, 1n the semiconductor light-emitting device according to
the fifth embodiment of the present invention, semiconductor
light-emitting devices can be fabricated with an extremely
high yield.

Note that the fifth embodiment has described the semicon-
ductor light-emitting device including the semiconductor
light-emitting element whose luminescence wavelength 1s set
at a wavelength of blue light, but the luminescence wave-
length 1s not limited to this. Alternatively, the luminescence
wavelength may be set at a wavelength of ultraviolet light of
about 420 nm or less.

The fifth embodiment has described the semiconductor
light-emitting device 1n which the phosphor contained 1n the
resin material 500 1s a YAG phosphor, but the phosphor 1s not
limited to the phosphor. Alternatively, three type of phosphors
emitting red, green and blue lights, respectively, may be
mixed 1n the resin material.

In the semiconductor light-emitting devices according to
the first to fifth embodiments of the present invention and the
methods for fabricating the same, the isulating film 1s made
of S10,, but the material 1s not limited to this. Alternatively,
the insulating film may be made of SiN, T10,, Nd,O., Ta, O,
/10, or the like or a multilayer film made of some or all of
these materials.

In the semiconductor light-emitting devices according to
the first to fifth embodiments of the present invention and the
methods for fabricating the same, the support 104, 203 1s
made of CuW or Au, but the material 1s not limited to this.
Alternatively, the support may be made of Cu, Al, S1C, S1,
BN, MN or GaN.

In the methods for fabricating the semiconductor light-
emitting device according to the first to fifth embodiments of
the present invention, the contact layer forming the semicon-
ductor layer 1s made of the n-GalN contact layer 101/, but the
contact layer 1s not limited to this. Alternatively, the contact
layer may be made of In Al Ga, N (0=x=1, O=y=l,
O=x+y=1).

In the methods for fabricating the semiconductor light-
emitting device according to the first to fifth embodiments of
the present invention, laser light emitted from a YAG third
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harmonic laser 1s used, but the laser light 1s not limited to this.
Alternatively, laser light emitted from any one device selected

from the group consisting of a KrF excimer laser and an ArF
excimer laser may be used.

Sixth Embodiment

Now referring to FI1G. 13, a lighting module including the
semiconductor light-emitting device according to the present
invention will be described.

FIG. 13 15 a perspective view 1llustrating the structure of
the lighting module according to a sixth embodiment of the
present invention.

Note that 1n FIG. 13, the same structural elements as 1n the
semiconductor light-emitting device according to the fourth
embodiment of the present invention are denoted by the same
reference numerals. In the sixth embodiment, the same
description as in the semiconductor light-emitting device
according to the fourth embodiment of the present invention
will not be repeated.

As shown 1n FIG. 13, the support 404 1s bonded to a heat
sink 600 made of Al via an Ag paste (not shown) or a first
fusion material (not shown). On the heat sink 600, a LED
array 601 1s formed in which the semiconductor light-emat-
ting elements L1 to L9 are arranged 1n an array. The heat sink
1s formed with a plurality of mounting through holes 602 and
1s provided with power supply electrodes 603 electrically
1solated from the conductive heat sink 600.

Each of the semiconductor light-emitting elements of the
LED array 601 has a first electrode and a second electrode.
First or second electrodes forming the upper parts of the
semiconductor light-emitting elements are electrically con-
nected to each other through the common wiring metal 407.
The other electrodes forming the lower parts of the semicon-
ductor light-emitting elements are bonded to the conductive
support 404 via a second fusion material (not shown). The
conductive support 404 and the wiring metal 407 are electr-
cally connected to the power supply electrodes 603 through
Au wires 604, respectively.

In the lighting module according to the sixth embodiment
of the present mnvention, the LED array 601 can emait light by
teeding a current to the conductive support 404 and the wiring
metal 407 from the outside.

As mentioned above, 1n the lighting module according to
the sixth embodiment of the present invention, each of the
semiconductor light-emitting elements of the LED array 601
1s fed with power through the common wiring metal 407, not
a bonding wire. This makes 1t possible to prevent that the
semiconductor light-emitting elements cause cracking or
chipping by recerving pressure during wire bonding. As a
result, the yield of semiconductor light-emitting devices
forming the lighting module can be enhanced, and therefore,
lighting modules can be fabricated with high yield.

Moreover, 1n the lighting module according to the sixth
embodiment of the present invention, the semiconductor
light-emitting device 1s bonded to the heat sink 600 via the
first Tusion material. With this structure, a lighting module
having an excellent heat dispersion property can be realized
and thus the lighting module can operate with high power.

Moreover, 1n the lighting module according to the sixth
embodiment of the present ivention, each of the semicon-
ductor light-emitting elements .1 to L9 of the LED array 601
1s bonded to the support 404 serving as a heat sink via the
second fusion material. With this structure, a semiconductor
light-emitting device having an excellent heat dispersion
property can be realized and thus the semiconductor light-
emitting device can operate with high power.
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Now, referring to FIG. 14, a lighting apparatus including
the semiconductor light-emitting device according to the
present invention will be described.

FIG. 14 15 a cross sectional view of the structure of the
lighting apparatus according to the sixth embodiment of the
present invention.

Note that in FIG. 14, the same structural elements as 1n the
lighting module according to the sixth embodiment of the
present invention are denoted by the same reference numer-
als. Here, the same description as in the lighting module
according to the sixth embodiment of the present invention
will not be repeated here.

As shown 1n FIG. 14, the lighting module according to the
s1xth embodiment of the present invention 1s fixed to a reflec-
tor 700 with a fixing screws 701 mserted in the mounting
through holes 602. Note that the structure of the lighting
module illustrated 1n FI1G. 14 corresponds to a cross sectional
view taken along line XIV-XIV of FIG. 13.

The lighting apparatus according to the sixth embodiment
of the present invention, as mentioned above, employs the
lighting module having an excellent heat dispersion property.
Therefore, the lighting apparatus can operate with high
power.

Note that 1n the lighting module and the lighting apparatus
according to the sixth embodiment, the heat sink 600 1s made
of Al, but the material 1s not limited to this. Alternatively, the
heat sink 600 may be made of metal such as Cu, Fe or stainless
steel, ceramic such as AIN or Al,O,, or a multilayered struc-
ture made of metal and ceramic.

As described above, the present invention 1s useful for the
semiconductor light-emitting device which 1s suitably appli-
cable to the lighting field, and the method for fabricating the
same.

What 1s claimed 1s:

1. A semiconductor light-emitting device, comprising:

a support consisting of a metal matenial;

a semiconductor light-emitting element bonded to the sup-
port and comprising a first electrode, a second electrode,
and a semiconductor layer including at least an active
layer and formed from a III-V mitride semiconductor
layer, the first electrode being located on a lower surface
of the semiconductor light-emitting element, and being
clectrically connected to the support, and the second
clectrode being located on an upper surtace of the semi-
conductor light-emitting element opposite to the lower
surface; and

a patterned metal film formed to continuously extend over
the second electrode overlying the semiconductor layer,
a portion of a side surface of the semiconductor layer and
a portion of an upper surface of the support not under-
lying the semiconductor light-emitting element,

wherein the second electrode 1s fed with power through the
metal film,

a portion of the metal film formed on the support forms an
clectrode pad, the electrode pad 1s electrically connected
to the second electrode and the portion of the metal film
1s electrically insulated from the support by an insulating
film,

the msulating film 1s formed on the support and on the side
surface of the semiconductor layer, and the metal film 1s
formed on the insulating film, and

the semiconductor layer includes an n-type gallium mitride
compound semiconductor layer, which 1s connected to
the second electrode, 1n the upper side thereof, and a
p-type gallium mitride compound semiconductor layer,
which 1s connected to the first electrode, in the lower side
thereof.
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2. The semiconductor light-emitting device of claim 1,
wherein the semiconductor light-emitting element 1s bonded
to the support via a fusion matenal.

3. The semiconductor light-emitting device of claim 1,
wherein a plurality of said semiconductor light-emitting ele-
ments are bonded to the support.

4. The semiconductor light-emitting device of claim 1,
wherein the semiconductor layer has a thickness of 30 um or
less.

5. The semiconductor light-emitting device of claim 1,
wherein the insulating {ilm has a thickness of 100 nm or more.

6. The semiconductor light-emitting device of claim 1,
wherein the msulating film 1s a film made of any one material
selected from the group consisting of S10,, SiN, TiO.,,
Nd,O., Ta,O., and ZrO,, or a multilayer film made of mate-
rials selected from the group.

7. The semiconductor light-emitting device of claim 2,
wherein the fusion material 1s made of PbSn, AuSn, AgSn or
InSn.

8. The semiconductor light-emitting device of claim 1,
wherein the support 1s one of Cu, Al, Au and CuW.

9. The semiconductor light-emitting device of claim 1,
wherein the angle between a portion of the upper surface of
the support not underlying the semiconductor light-emitting
clement and a side surface of the semiconductor light-emat-
ting element 1s more than 90 degrees and less than 180
degrees.

10. The semiconductor light-emitting device of claim 1,
wherein said second electrodes formed on the upper surface
of the semiconductor layer 1s formed on the upper surface of
the semiconductor layer at the center thereof.

11. The semiconductor light-emitting device of claim 1,
wherein a resin material containing a phosphor excited by
light emitted from the semiconductor light-emitting element
1s formed on a surface of the semiconductor light-emitting
clement.

12. A lighting apparatus comprising a lighting module
having a semiconductor light-emitting device, the semicon-
ductor light-emitting device comprising;:

a support consisting of a metal material;

a semiconductor light-emitting element bonded to the sup-
port and comprising a first electrode, a second electrode,
and a semiconductor layer including at least an active
layer and formed from a III-V mtride semiconductor
layer, the first electrode being located on a lower surface
of the semiconductor light-emitting element, and being
clectrically connected to the support, and the second
clectrode being located on an upper surface of the semi-
conductor light-emitting element opposite to the lower
surface; and

a patterned metal film formed to continuously extend over
the second electrode overlying the semiconductor layer,
a portion of a side surface of the semiconductor layer and
a portion of an upper surface of the support not under-
lying the semiconductor light-emitting element,

wherein the second electrode 1s fed with power through the
metal film, and

a portion of the metal film formed on the support forms an
clectrode pad, the electrode pad is electrically connected
to the second electrode and the portion of the metal film
1s electrically insulated from the support by an insulating
film,

the insulating film 1s formed on the support and on the side
surface of the semiconductor layer, and the metal film 1s
formed on the msulating film, and

the semiconductor layer includes an n-type gallium nitride
compound semiconductor layer, which 1s connected to
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the second electrode, in the upper side thereof, and a
p-type gallium mitride compound semiconductor layer,
which 1s connected to the first electrode 1n the lower side
thereol.

13. The semiconductor light-emitting device of claim 1,

turther comprising an msulating film, wherein:

a lower surface of the mnsulating film continuously extends
over and connects to the portion of the side surface of the
semiconductor layer and the portion of the upper surface
of the support not underlying the semiconductor light-
emitting element, and

a lower surface of the patterned metal film continuously
extends over and connects to the upper surface of the
insulating film.

14. The lighting apparatus of claim 12, further comprising

an sulating film, wherein:

a lower surface of the mnsulating film continuously extends
over and connects to the portion of the side surface of the
semiconductor layer and the portion of the upper surface
of the support not underlying the semiconductor light-
emitting element, and

a lower surface of the patterned metal film continuously

extends over and connects to the upper surface of the
insulating film.
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15. The semiconductor light-emitting device of claim 1,
wherein a wire-bonding area 1s disposed over the electrode
pad.

16. The semiconductor light-emitting device of claim 1,
wherein the electrode pad 1s disposed on the portion of the
upper surtace of the support not underlying the semiconduc-
tor light-emitting element.

17. The lighting apparatus of claim 12, wherein a wire-
bonding area 1s disposed over the electrode pad.

18. The lighting apparatus of claim 12, wherein the elec-
trode pad 1s disposed on the portion of the upper surface of the
support not underlying the semiconductor light-emitting ele-
ment.

19. The semiconductor light-emitting device of claim 1,
wherein the semiconductor light-emitting element bonded to
the support without interposing the insulating film.

20. The lighting apparatus of claim 12, wherein the semi-
conductor light-emitting element bonded to the support with-
out interposing the mnsulating film.

21. The semiconductor light-emitting device of claim 1,
wherein the msulating film 1s in contact with the support.

22. The lighting apparatus of claim 12, wherein the insu-
lating film 1s 1n contact with the support.
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